Amino acid discrimination by a highly differentiated metal center of an aminoacyl-tRNA synthetase.
Escherichia coli cysteinyl-tRNA synthetase (CysRS) achieves high amino acid specificity without the need for an editing reaction. Crystallographic and spectroscopic studies have previously demonstrated that a major determinant of the specificity is an active site zinc ion that recognizes the substrate cysteine through a strong zinc-thiolate interaction. The active site cleft of CysRS is composed of highly or strictly conserved amino acids, including four inner-sphere zinc ligands, five histidine imidazoles at the base of the cleft, and a tryptophan that flips down upon cysteine binding to complete formation of the binding pocket. Here we establish the significance of each of these major features of the active site cleft by mutational analysis. Substitutions generally lead to substantially deleterious effects on K(m) and k(cat) parameters with respect to each of the cysteine, ATP, and tRNA(Cys) substrates. These findings emphasize the importance of the highly differentiated nature of the active site and provide new insights into the origins of selectivity without editing. Most mutants are less attenuated in tRNA aminoacylation than in adenylate synthesis, suggesting that tRNA binding drives a conformational change to help assemble the active site.